Summary
The numbers and types of microorganisms contaminating a commercially available laboratory animal diet were examined by plate-count methods at all stages of production. During the cooking and pelleting stages of manufacture there was a marked reduction in numbers of heat-labile vegetative contaminants introduced via the raw materials, and at subsequent stages plate counts at 37 and 25°C corresponded closely to counts of viable aerobic bacterial endospores.
It would seem that the count on the pelleted diet was determined principally by the numbers of bacterial spores being introduced with the ingredients. The response to "(-irradiation of the innate microflora contaminating the pelleted diet was characteristic of that generally seen with populations of aerobic bacterial endospores. Contamination by microorganisms of the food offered to laboratory animals may cause disease both in breeding colonies and in animals under experiment. In the commercial production of mixed animal feeds, pelleting is relied on as the primary mode of decontamination.
Generally the mixed ingredients are heated by direct contact of the meal with steam before being forced through a die to form the pellets. Pelleting has been shown to bring about significant reductions in the numbers of Enterobacteriaceae and Salmonellae contaminating the mixed ingredients (Mossel, van Schothorst & Kampelmacher, 1967; Stott, Hodgson & Chaney, J 975) . The reduction in the viable bacterial count achieved by pelleting may be sufficient to satisfy microbiological limits suggested for the numbers and types of contaminants that can be tolerated on diets intended for conventional laboratory stock (Coates, O'Donoghue, Payne & Ward, 1969; Clarke et al., 1977) . On the other hand, gnotobiotic or specified-pathogen-free animals should be offered nothing but sterile diets. These diets are commonly sterilized by exposure of the pellets, packed in sealed containers, to ionising radiation. It is well known from kinetic studies that inactivation of given microbial populations follows an exponential law and the effectiveness of a particular sterilization process must be based on the ·Present address: Department of Biological Sciences, Napier College, Colinton Road, Edinburgh, EH 10 SDT.
probability of the existence of survivors. The level of microbial contamination and the nature of species present prior to sterilization on diets intended for gnotobiotic or specified-pat hogen-free animals will influence this probability.
This paper describes an investigation into the numbers and types of microorganisms present in a commercially available laboratory animal diet, including the ingredients, the mixed diet at intermediate stages in production, and the final pelleted diet prior to sterilization.
It also provides information on the inactivation of the contaminating microflora when pelleted diet is exposed to "(-radiation.
Materials and methods
In the production of the laboratory animal diet under investigation (PRD; Labsure Animal Foods, Christopher
Hill Group Ltd, P.O. Box 6, Agrarian House, Castle Street, Poole, Dorset, BH 15 1HL) the ingredients were thoroughly mixed and then heated to temperatures in excess of 60°C by injection of steam. The warm moist mixture was compressed and extruded through a metal die and the resultant pellets were passed over a 'cascade' cooler where their moisture content was reduced to about 13%. The pellets then passed to a holding bin to await packing in 25 kg amounts in vacuumsealed polyethylene bags.
Samples for microbiological examination were withdrawn from the. ingredients of a particular 2 tonne batch of diet and from the same batch ·at intermediate stages of production. Sampling was done on 2 separate occasions (20 May and 28 June 1976) from the 2nd of 4 batches of the same diet being produced on that given day. Additionally, samples were taken from 10 different batches of the particular pelleted diet produced during the period November 1975 to May 1976 to provide information on the variability of microbial contamination.
Approximately 500 g samples were always taken, whether from the ingredients or the pelleted diet, in the recommended manner (Coates et aI., 1969) .
Ingredients
Diet ingredients were milled cereals (barley, wheat, maize, oats and wheatfeed), soya, dried skimmed milk, white fish, unextracted dried yeast and a mixture containing essential vitamins and trace elements. Road, London, SE1 9UG). For pelle ted diets 15 min elapsed prior to blending in order to soften the pellets.
Estimation of numbers of microbial contaminants
Viable aerobic microorganisms. Surface spread counts on plate count agar (Oxoid Ltd, Wade Road, Basingstoke, RG24 OPW) were performed on aliquots of the resulting suspension and dilutions of it in peptone water, to give estimates of the total number of viable aerobic microorganisms present on the diet. 6 plates were prepared from each suspension plated out. 3 such plates were incubated at 37°C for 18 hand 3 at 25°C for up to 4 days. Microscopic and biochemical tests on bacteria taken from surface growth on these plates were used in the identification of the major genera that constituted gross contamination.
Similar estimates of the total number of viable aerobic microorganisms were done on 2 further 20 g sub-lots of the sample taken from each batch of diet in order to indicate the degree of Viable bacterial endospores. 5 ml of each suspension obtained from blending diet and peptone water was heated for 15 min in a water bath held at 75°C. Aliquots of these heated suspensions and dilutions of them were plated out in triPlicate on nutrient agar (Oxoid Ltd) supplemented with 0·5 % (w/v) glucose. Spore counts were derived from these plates incubated at 37°C for 18 h.
Moulds and yeasts. Aliquots of the suspension ob-
tained from blending diet and peptone water Were plated in triplicate on rose bengal-chlortetracycline agar (Jarvis. 1973) for the selective isolation and enumeration of moulds and yeasts. Counts were made on plates incubated at 25°C for up to 7 days.
Presumptive coliform organisms. The test for presumptive coliform organisms was done on suspensions obtained from blending diet and peptone water and la-fold dilutions of them. 3 lots of 10 mi. 3 of 1 ml and 3 of 0'1 ml of each suspension were used to inoculate tubes of MacConkey broth purple (Oxoid Ltd) in accordance with the multiple tube fermentation technique (Anon., 1965 ) Incubation was at 37°C for 48 h.
Irradiation studies
The source of y-radiation was a 60Co 'HOTSPOT ty~e possessing a dose-rate of approximately 4 krads/ mm measured by means of ferrous sulphate dosimetry in a geometry identical to that used for irradiation of the diet. 2 samples each of 109 of the pelleted diet were exposed to each of a number of graded doses of y-radiation. After irradiation each 109 sample was blended with 100 ml of peptone water, and the resultant suspension was examined microbiologically to provide 37°C, 25°C and spore counts as described previously. From derived colony counts, dose/In survival curves were constructed for each of the plating conditions. This exercise was repeated with a 2nd batch of diet. Table 1 shows the levels of microbial contamination of the individual ingredients of 2 batches of PRD diet. The results indicate a high degree of variation between levels of contamination of individual ingredients sampled on separate occasions. This was particularly so in English white fish. The highest levels of contamination were found on the cereals and since these are the major ingredients of thip articular diet (73 %) they may be regarded as the prime source of contamination. The 25°C counts were always higher than the corresponding counts derived from incubation at 37°C, and a high proportion of the organisms counted at 37°C were identifiable with spore-bearing species.
Results

Microbial contamination of the ingredients of the laboratory animal diet
Microbial contamination at different stages of production Fig. 1 depicts the changes observed in 37°C, 25°C and spore counts occurring at each stage in the production of a typical batch of diet. The count signifying the level of contamination prior to mixing is a calculated estimate derived from the counts of individual ingredients of Batch A (Table  1 ) and the proportional weights of these ingredients in the diet. Clearly there was close agreement between the estimated and the corresponding actual counts of the mixed ingredients, showing that the mixing process was not contributing to the contamination of the diet.
In the next 2 stages of manufacture (heating and pelleting) the trend was towards a reduction in the counts of viable aerobic organisms growing at 37 and 25°C, while viable heat-resistant bacterial endospores were unaffected. Cooling and 24 h storage had little further effect on any of the counts. Table 2 lists the mean numbers (with 95 % confidence limits) of microorganisms derived from 10 batches of PRD diet. Estimates of numbers from plates incubated at 25°C (mean g'l x 104/g) were always higher than the corresponding counts derived from incubation at 37°C (mean 1'6 x 104/g), and the mean number of viable aerobic spores (9'9 x 103/g) was very close to the mean derived from 37°C counts performed on unheated suspensions of diet. Distribution of contaminants on the pelfeted diet 3 sub-lots from each batch of diet were examined in order to indicate the degree of homogeneity of bacterial contamination within .batches. Counts derived from blended suspensions given the same degree of dilution were compared by an analysis of variance. The assumption was that the variation observed between plate counts derived from a given dilution was random and comparable to that seen between mean counts derived from the 3 sub-lots. The number of mould colony-forming units (present as spores or as mycelial fragments) was always appreciably lower than the numbers of bacterial contaminants.
Microbial contamination of the pelleted diet prior to sterilization
The mean count was 7,3 X l02/g ( Table 2 ).
The presumptive coliform test was used to estimate the most probable number (MPN) of intestinal organisms expected in ] 0 g of the diet. The recommended procedure (Anon., 1965) for obtaining a single M PN value for a series of samples is to express the result of the examination of each sample in terms of its MPN value (Table 3) and strike a geometric mean of these values. For the 10 batches of PRD diet examined, the geometric mean of the MPN of presumptive coliform organisms was 37/10 g of diet.
Types of contaminants on the pelfeted diet Members of the aerobic spore-bearing genus Bacil/us predominated on plates incubated at both temperatures (Table 4 ) but their predominance was greater on plates incubated at 37°C. The 25°C flora was more varied. Coryneform bacteria were often present in appreciable numbers but Gram-positive cocci were only occasionally detected. Gramnegative forms noted were species of Acinetobacter. Pseudomonas and Flavobacterium; the major part of the unidentified bacterial flora was also Gramnegative. Moulds were predominantly members of Incubation temperature 37°C 25°C
The analysis indicated that within a given batch of diet the microbiological contamination was distributed with a reasonable degree of homogeniety. This was particularly so in the case of plate counts at 37°C, less so for counts at 25°C and spore counts.
y-irradiation of pelleted diet
Survival curves (Fig. 2) are typical of those derived from 37°C, 25°C and spore counts pertaining to batches of experimentally irradiated diet. Duplicate observations made at the same dose levels were in good agreement and the resultant plotted points were generally best fitted by a straight line. An appropriate regression analysis was applied to these data to provide estimates of the decimal reduction doses (D 10) and their associated errors (Fig. 2 ).
Discussion
The principal aerobic bacterial contamination of the laboratory animal diet under investigation could be identified with endospores of Bacillus. During the cooking and pelleting stages of production there was a marked reduction in numbers of heat-labile vegetative contaminants introduced into the mixture via the raw materials.
Contrastingly, the spore counts were unaffected during production. The extent of the reduction was such that at subsequent stages the counts at 37 and 25°C corresponded closely to the spore count and it would seem that the count on the pelle ted diet could be no less than the spore-count characteristic of the mixed ingredients.
The general hygienic nature of the diet was borne out by the low level of contamination by presumptive coliform organisms, even though it is desirable to keep in mind that the accuracy and precision of the multiple tube fermentation technique is rather low. Variations in the microbial contamination between batches of diet were small, suggesting that the microbiological quality of the overall process of production was consistent and under control. In these circumstances the standard of less than 5 x 103 organisms per g diet recommended for conventional laboratory stock 't al., 1969; Clarke (; 't al., 1977) would be difficult to attain by pelleting alone should any of the major ingredients of the diet be heavily contaminated with bacterial endospores.
The response to y-radiation of the innate microflora of the pelleted diet was linear over the range of survival levels tested. Within a particular batch of diet, the similarity between D I()values obtained with 3rC, 25°C and spore counts shows that at doses of 50 krad and above the microflora being examined by the different plating methods is essentially the same. The D I()values reported here are similar to those quoted as typical for populations of bacterial endospores irradiated in air (Ley & Tallentire, 1964) . It follows from this that the nonspore proportion of the microflora is very sensitive to y-radiation.
Moreover the close agreement between D (0 values seen with the 2 batches of diet (Fig. 2) indicates that the types of contaminating microorganisms, in respect to their radiation response, were the same from batch to batch.
It is appreciated that the survival curves extend over only a limited range of survival levels. These limits were set by the initial contamination level of the diet and by the detection of surviving organisms in the suspensions obtained from blending the pellets from peptone water. However, in our view, these curves are sufficiently representative to allow predictions to be advanced concerning the probability of the existence of survivors after exposure of this particular diet to process radiation doses. Doses of 4'0 Mrad have been recommended (Ley, Bleby, Coates & Paterson, 1969) for diets for gnotobiotic animals and 1·5 Mrad for specified-pat hogen-free animals. Assuming an initial population of 105 spores/g diet (in excess of the highest levels reported here) having a D H) value of 172 krad (Fig. 2) , a radiation dose of 2·5 Mrad would give 'a calculated survival of I organism/l 0 I 0g diet and a dose of 4,0 Mrad a calculated survival of I organism/IO (Mg. For diets packed in 25 kg amounts and irradiated with 2'5 Mrad this means that I contaminant would be expected in 400000 packages; and I contaminant in every 40 billion (4 ,/ 1013) packages of diet exposed to 4,0 Mrad. This represents an adequate margin of safety for a sterilization process. Since the initial number of microorganisms' in a population influences the probability of the existence of a survivor after a given radiation treatment, it follows that good hygiene during production will improve the margin of safety of a given radiation treatment.
The question of types of microorganism involved in contamination is also important in defining the effectiveness of the sterilization process. It is accepted that hacterial spores are generally more radiation-resistant than vegetable bacteria, yeasts and moulds. The process of production of the pelleted laboratory animal diet under investigation proved to be selective for a radiation-resistant population of contaminants.
It is encouraging that the absence of bacterial endospores after a particular radiation treatment can be considered as a measure of effective elimination of pathogenic microorganisms which are, in the main. more sensitive to the lethal effects of y-radiation.
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